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$%675$&7
,QWHUVHFWLRQ SODWRRQLQJ KDV EHHQ VKRZQ LQ VHYHUDO VWXGLHV WR
SURYLGH KLJKHU WKURXJKSXW DQG KHQFH JUHDWHU SURGXFWLYLW\ IRU
PDWHULDOWUDQVIHUXVLQJIOHHWVRIPRELOHURERWVKRZHYHUTXHVWLRQV
UHPDLQDERXWWKHEHKDYLRULQDIXOOUDQJHRIWUDIILFVLWXDWLRQVDVQR
DOJRULWKPKDVEHHQSURYHQFRPSOHWH$VDUHVXOWDORZHUWKURXJKSXW
EDFNXS V\VWHP LV W\SLFDOO\ XVHG LQ SUDFWLFH $ VWDWH RIWKHDUW
PHWKRG IRU GHFHQWUDOL]HG SODWRRQLQJ EDVHG RQ DQ LQWHUVHFWLRQ
FRQWUROOHU KDV EHHQ LPSOHPHQWHG $ QXPEHU RI WHVW FDVHV DUH
GHVFULEHGWRSUREHWKHSHUIRUPDQFHOLPLWV)XUWKHUPRUHDQRXWOLQH
RI D IOHHW FRQWURO V\VWHP ZKLFK XVHV RQO\ SODWRRQLQJ IRU
FRRUGLQDWLRQ LV GHVFULEHG 7KLV ZLOO DOORZ HGJH FDVHV WR EH
LQYHVWLJDWHGLQVLPXODWLRQ
&&6&RQFHSWV
&RPSXWHU V\VWHPV RUJDQL]DWLRQa(PEHGGHG DQG F\EHU
SK\VLFDO V\VWHPVa5RERWLFVa5RERWLF FRQWURO &RPSXWLQJ
PHWKRGRORJLHVa$UWLILFLDO LQWHOOLJHQFHa3ODQQLQJ DQG
VFKHGXOLQJa0XOWLDJHQWSODQQLQJ
.H\ZRUGV
,QWHUVHFWLRQ3ODWRRQLQJ0RELOH5RERW)OHHW&RQIOLFW)UHH0RWLRQ
6LPXODWLRQ
 ,1752'8&7,21
&RRUGLQDWHGFRQIOLFWIUHHPRWLRQRIDQXPEHURIPRELOHURERWVLQ
RUGHU WR FRPSOHWH D PDWHULDO WUDQVIHU WDVN LV LPSRUWDQW LQ WKH
RSHUDWLRQRIIOHHWVRI$*9$XWRQRPRXV*XLGHG9HKLFOHVXVHGLQ
IOH[LEOHPDQXIDFWXULQJDQGDXWRPDWHGZDUHKRXVHV>@DQG>@$
FUXFLDOVXESUREOHPLVFRQIOLFWUHVROXWLRQEHWZHHQPXOWLSOH$*9V
ZLWKRXWFRQWURORIWDVNDVVLJQPHQWRUVFKHGXOLQJ
$*9 PRWLRQ FRRUGLQDWLRQ FDQ EH SRVHG DV D YDULDWLRQ RI WKH
0XOWLSOH9HKLFOH5RXWLQJ3UREOHPZLWKWKHDGGLWLRQRIFKDOOHQJLQJ
VSDWLRWHPSRUDO FRQVWUDLQWV SUHYHQWLQJ FROOLVLRQV EHWZHHQ HDFK
YHKLFOHDVZHOODVWKHXVXDOWLPLQJDQGFDSDFLW\FRQVWUDLQWV>@
,Q>@VROXWLRQVDUHFODVVLILHGLQWRFHQWUDOL]HGGHFHQWUDOL]HGDQG
GHFRXSOHG DSSURDFKHV (DFK DSSURDFK PD\ EH HLWKHU RSWLPDO RU
KHXULVWLFEDVHGRQZKHWKHURUQRWWKH\ILQGWKHJOREDOPLQLPXPRI
VRPHREMHFWLYHIXQFWLRQ
,W LVDOVRSRVVLEOHWRFODVVLI\DSSURDFKHVEDVHGRQWKHOLPLWDWLRQV
WKH\SODFHRQWKHVWDWHVSDFHRIHDFK$*90RVWSUDFWLFDOPHWKRGV
LQFRUSRUDWH ERWK REVWDFOH DYRLGDQFH FRQVWUDLQWV DQG GLIIHUHQWLDO
PRWLRQFRQVWUDLQWVLQWRVRPHVRUWRIURDGPDS7KLVLVRIWHQDJUDSK
ZLWKYHUWLFHVDWNH\SRLQWVLQWKHUHDFKDEOHVWDWHVSDFHFRQQHFWHG
E\HGJHVUHSUHVHQWLQJIHDVLEOHPRWLRQEHWZHHQWKHP7KHHIIHFWRI
LQFUHDVLQJUHVROXWLRQRQSDWKTXDOLW\PHDVXUHGE\UHGXFWLRQLQWKH
OHQJWK RI WKH VKRUWHVW SDWK DQG FRPSXWDWLRQ WLPHDUH VWXGLHG LQ
>@
$QRSWLPDOGHFRXSOHGPHWKRGRSHUDWLQJRQJUDSKVLVSUHVHQWHGLQ
>@2SWLPDOFRQIOLFWIUHHPRWLRQLVSRVHGDVDODUJH,QWHJHU/LQHDU
3URJUDP5HVROXWLRQFRPSOHWHJHQHUDOSXUSRVHDOJRULWKPVDUHXVHG
WRVROYHLWIRUURERWVLQMXVWRYHUVHFRQGV7KHODWWLFHJUDSK
FRQVWUXFWLRQ KDV UHFHQWO\ EHHQ GHYHORSHG IXUWKHU WR HQVXUH
NLQHPDWLF FRQVWUDLQWV DUH PHW DQG LPSURYH FRYHUDJH RI WKH VWDWH
VSDFH DURXQG REVWDFOHV >@ ,Q >@ WKH FRPELQHG SUREOHP RI
'&)953'LVSDWFKDQG&RQIOLFW)UHH9HKLFOH5RXWLQJ3UREOHP
IRUIOH[LEOHPDQXIDFWXULQJLVIRUPXODWHGDVDQLQWHJHUSURJUDPDQG
WZRGLIIHUHQWGHFRXSOHGDOJRULWKPVDUHSUHVHQWHGWRVROYHLWORFDO
VHDUFKDQGUDQGRPVHDUFK1HLWKHURI WKHSURSRVHGDOJRULWKPV LV
FRPSOHWH EXW ORFDO VHDUFK IRXQG PRUH YDOLG VROXWLRQV LQ WKH 
UDQGRPH[DPSOHVWHVWHGDOOLQYROYLQJWKUHHYHKLFOHV
'HFHQWUDOL]HGFRQWUROLVDQRWKHURSWLRQ WRGHFRPSRVHODUJHVFDOH
SUREOHPV ZKLFK WDNH WRR ORQJ WR VROYH FHQWUDOO\ >@ $OWKRXJK
OLPLWLQJWKHLQIRUPDWLRQDYDLODEOHWRHDFKGHFLVLRQPDNHUFDQPDNH
UHDVRQLQJDERXWFROOHFWLYHEHKDYLRUPRUHGLIILFXOWYDULRXVDWWHPSWV
WRGHFHQWUDOL]HFRQIOLFWIUHHURXWLQJKDYHEHHQPDGH,QWKHILHOGRI
FRQIOLFWIUHHURXWLQJIRUPRELOHURERWV>@SUHVHQWVDVROXWLRQZKLFK
JHQHUDWHV D JUDSKUHSUHVHQWDWLRQRI WKH IUHH VSDFH  HIIHFWLYHO\D
URDGPDSZLWKWKHSURSHUW\RIµFROOLVLRQDYRLGDELOLW\¶7KLVPHDQV
WKDWHYHU\QRGHRQWKHFULWLFDOSDWKPXVWEHDWPRVWRQHPRYHDZD\
IURPDQRGHWKDWGRHVQRWREVWUXFWWKHFULWLFDOSDWK7KHFULWLFDOSDWK
LVGHILQHGDVWKHXQLRQRIDOOWKHVKRUWHVWSDWKVEHWZHHQSLFNGURS
ORFDWLRQV LQ WKH URDGPDS 'XULQJ GHFHQWUDOL]HG SODQQLQJ $*9V
DWWHPSW WR UHVHUYH µSULYDWH ]RQHV¶ FRQVLVWLQJ RI WKH QRGH RQ WKH
FULWLFDOSDWKDORQJZLWKDOODGMDFHQWFROOLVLRQDYRLGDQFHQRGHV(DFK
$*9KDVDQLGHQWLFDOURDGPDSSODQVWKHVKRUWHVWSDWKWRLWVRZQ
JRDODQGQHJRWLDWHVZLWKWKRVHQHDUE\EDVHGRQDQXPHULFSULRULW\
WRUHVHUYHWKHQRGHVLQLWVRZQSDWK$Q$*9UHTXHVWVWKRVHLQLWV
SDWKPRYHWRWKHLUFROOLVLRQDYRLGDQFHQRGHDQGWKRVHZLWKDORZHU
SULRULW\ZLOOGRVR3URRILVJLYHQRIFRUUHFWQHVVWKDWGHDGORFNVDUH
DYRLGHGEXWWKURXJKSXWLVVXERSWLPDOZLWKORZSULRULW\YHKLFOHV
IUHTXHQWO\ IRUFHG WR VWRS DQG ZDLW $Q DOWHUQDWLYH GHFHQWUDOL]HG
VROXWLRQ EDVHG RQ D URDGPDS ZLWK WZR OHYHOV RI GHWDLO LV
VXPPDUL]HGLQ>@&RQIOLFWIUHHURXWLQJSULPDULO\WDNHVSODFHDW
3HUPLVVLRQWRPDNHGLJLWDORUKDUGFRSLHVRIDOORUSDUWRIWKLVZRUNIRU
SHUVRQDORUFODVVURRPXVHLVJUDQWHGZLWKRXWIHHSURYLGHGWKDWFRSLHVDUH
QRWPDGHRUGLVWULEXWHGIRUSURILWRUFRPPHUFLDODGYDQWDJHDQGWKDWFRSLHV
EHDU WKLV QRWLFH DQG WKH IXOO FLWDWLRQ RQ WKH ILUVW SDJH &RS\ULJKWV IRU
FRPSRQHQWV RI WKLV ZRUN RZQHG E\ RWKHUV WKDQ WKH DXWKRUV PXVW EH
KRQRUHG $EVWUDFWLQJ ZLWK FUHGLW LV SHUPLWWHG 7R FRS\ RWKHUZLVH RU
UHSXEOLVK WR SRVW RQ VHUYHUV RU WR UHGLVWULEXWH WR OLVWV UHTXLUHV SULRU
VSHFLILF SHUPLVVLRQ DQGRU D IHH 5HTXHVW SHUPLVVLRQV IURP
3HUPLVVLRQV#DFPRUJ
,&56$-XQH±&KHQJGX&KLQD
  &RS\ULJKW LV KHOG E\ WKH RZQHUDXWKRUV 3XEOLFDWLRQ ULJKWV
OLFHQVHGWR$&0
$&0,6%1«
KWWSVGRLRUJ
WKHPRVWGHWDLOHGOHYHOEDVHGRQSULRULWL]HGURDGPDSUHVHUYDWLRQ
ZLWKORFDOQHJRWLDWLRQWRJXDUDQWHHFRUUHFWQHVV>@,Q>@WKHVSHHG
RI WKH DSSURDFKLQJ $*9 LV RSWLPL]HG DW HDFK LQWHUVHFWLRQ LQ D
VLPLODU ZD\ WR FHQWUDOL]HG LQWHUVHFWLRQ SODWRRQLQJ 7KH UHVXOW LV
KLJKHU WKURXJKSXW DV WLPH FRQVXPLQJ QHJRWLDWLRQ LV DYRLGHG LQ
PRVWFDVHV
,QWHUVHFWLRQFRQWUROEDVHGRQSODWRRQLQJLVDFRQFHSWGHYHORSHG
IRU WKH RSHUDWLRQ RI DQWLFLSDWHG &$59V &RQQHFWHG DQG
$XWRQRPRXV5RDG9HKLFOHV$ UHFHQW UHYLHZRI DSSURDFKHV IRU
LQWHUVHFWLRQDQGPHUJLQJFRRUGLQDWLRQLVJLYHQLQ>@&HQWUDOL]HG
RSWLPL]DWLRQDSSURDFKHVLPSURYHRQHDUO\LGHDVOLNH)LUVW&RPH
)LUVW6HUYHG VSDWLDO UHVHUYDWLRQ IURP >@ E\ PLQLPL]LQJ IXHO
FRQVXPSWLRQ EXW WKH UDSLG LQFUHDVH LQ VWDWH VSDFH ZLWK ODUJHU
QXPEHUVRIYHKLFOHVZLOOQHHGWREHDGGUHVVHGEHIRUHODUJHVFDOH
DGRSWLRQ 7KH FRPPXQLFDWLRQ FKDQQHO FRQQHFWLQJ HYHU\ YHKLFOH
ZLWKWKHFHQWUDOFRQWUROOHULQWURGXFHVDVLQJOHSRLQWRIIDLOXUHWKH
UHOLDELOLW\ HIIHFW RI ZKLFK LV GLIILFXOW WR HYDOXDWH LQ H[LVWLQJ
VLPXODWLRQV 0RUHRYHU WKHUH DUH IHZ &$59V FXUUHQWO\ DYDLODEOH
PDNLQJDSUDFWLFDOH[SHULPHQWXQIHDVLEOHLQPRVWFDVHV$WWHPSWLQJ
WR DGGUHVV WKHVH OLPLWDWLRQV DUH GHFHQWUDOL]HG PHWKRGV VXFK DV
IX]]\ORJLF YLUWXDO YHKLFOH SODWRRQLQJ DQG LQYDULDQW VHW
DSSURDFKHV
5HFHQWO\>@GHVFULEHGDQDSSURDFKWRWKH'&)953IRUIOH[LEOH
PDQXIDFWXULQJ EDVHG RQ G\QDPLF SODWRRQLQJ ZLWK YHKLFOHWR
HYHU\WKLQJPHVVDJLQJDQGFRQVHQVXVVSHHGFRQWUROUHVXOWLQJLQD
GHFHQWUDOL]HG KHXULVWLF VROXWLRQ ZLWK VRPH DGGLWLRQDO UXOHV WR
HQVXUH FRUUHFW EHKDYLRU DQG DYRLG GHDGORFNV E\ DGGLQJ D
UHVHUYDWLRQ SURWRFRO IRU VRPH SDUWV RI WKH URDGPDS 7KLV ZDV
FRPELQHG ZLWK IHHGEDFN IURP WKH TXHXH OHQJWK DW GLIIHUHQW
ZRUNVWDWLRQVLQDWUDIILFPDQDJHPHQWKHXULVWLF6LPXODWLRQUHVXOWV
VKRZDQLPSUHVVLYHLPSURYHPHQWFRPSDUHGWRWKHILUVWFRPHILUVW
VHUYHGVFKHGXOLQJDSSURDFKPHDQW WR UHSUHVHQW LQGXVWU\VWDQGDUG
SUDFWLFH
,W LV VKRZQ LQ >@ WKDW DSSURDFKVSHHG FKRLFH E\ D FHQWUDOL]HG
LQWHUVHFWLRQ FRQWUROOHU SURYLGHV KLJKHU WKURXJKSXW FRPSDUHG WR
VWRSSLQJDQGJLYLQJZD\IRUGHFHQWUDOL]HGUHVHUYDWLRQQHJRWLDWLRQ
7KH VSHHGFKRLFH LV VKRZQ WREH RSWLPDO LI D VROXWLRQ LV IRXQG
KRZHYHU LW LVQRWVKRZQ WREHFRPSOHWH7KLV VXJJHVWV WKHUHDUH
FHUWDLQURDGPDSDQGWUDIILFFRPELQDWLRQVZKHUHWKHUHLVQRVROXWLRQ
DQGWKHUHIRUHLWZLOOIDOOEDFNRQWKHQHJRWLDWLRQPHWKRGWRSUHYHQW
XQVDIHEHKDYLRU7KHFRQVHQVXVEDVHGSODWRRQLQJPHWKRGIRUORFDO
FROOLVLRQDYRLGDQFHXVHG LQ >@ LV XQXVXDO LQ WKH$*9GRPDLQ
7KDWZRUNPDNHVQRFODLPVDERXWFRPSOHWHQHVVEXWGRHVFRQVLGHU
WKHWULYLDOFRQVHQVXVZKHUHDOOYHKLFOHVVWRSLQDGHDGORFN,Q>@
DUHFHQWV\VWHPIRUFRQIOLFW DYRLGDQFHEDVHGRQWLPHKHDGZD\LV
VKRZQWRVLJQLILFDQWO\UHGXFHLQWHUVHFWLRQFURVVLQJWLPHDQGDOORZ
PRUH YHKLFOHV WR RSHUDWH LQ WKH VDPH IORRUVSDFH FRPSDUHG WR D
WUDGLWLRQDOUHVHUYDWLRQEDVHGVWUDWHJ\
,WLVVKRZQLQ>@WKDWSODWRRQLQJSURYLGHVVXSHULRUWKURXJKSXWWR
WKHHDUOLHUUHVHUYDWLRQEDVHGV\VWHPVDQGWKDWLIDVROXWLRQH[LVWVLW
LV RSWLPDO EXW QRW WKDW D VROXWLRQ H[LVWV RQ DOO URDGPDSV 0RUH
LPSRUWDQWO\DVHWRIFRQGLWLRQVZKLFKPXVWKROGIRUDVROXWLRQWR
H[LVW LV QRW JLYHQ 7KH FRQVHQVXV DOJRULWKP LQ >@ DOVR VKRZV
LPSURYHG WKURXJKSXW LQFRQFHUWZLWKD VFKHGXOLQJDSSURDFKEXW
GRHVQRWSURYHFRQYHUJHQFH$QH[DPSOHRIDUHVROXWLRQFRPSOHWH
DOJRULWKP EDVHG RQ VSDWLDO UHVHUYDWLRQ LV >@ 1HLWKHU SHU
LQWHUVHFWLRQ RSWLPDO SODWRRQLQJ QRU SHUYHKLFOH FRQVHQVXV KDYH
EHHQ SURYHQ FRPSOHWH 7KH ODFN RI JXDUDQWHHV LV DQ LPSRUWDQW
OLPLWDWLRQ RI SODWRRQLQJ PHWKRGV IRU FROOLVLRQ DYRLGDQFH 7KH
UHVHDUFKJDSLGHQWLILHGLVWKHODFNRILQYHVWLJDWLRQLQWRWKHUDQJHRI
PRWLRQ FRQIOLFW VLWXDWLRQV WKDW FDQ EH UHVROYHG ZLWK SODWRRQLQJ
PHWKRGV
 0(7+2'
&RQIOLFWUHVROXWLRQEDVHGRQSODWRRQLQJZLWKVSHHGFKRLFHE\DQ
LQWHUVHFWLRQ FRQWUROOHU ZDV LPSOHPHQWHG ZLWK D YHKLFOH WR
LQWHUVHFWLRQPHVVDJLQJVFKHPH7KHIXOOVLWHLVGLYLGHGLQWR]RQHV
HDFKRQHFRQWDLQLQJD VLQJOHLQWHUVHFWLRQ(DFK$*9LQWKHIOHHW
KDV D FRS\ RI WKH URDGPDS ZKLFK LV VWDWLF 7KH IOHHW FRQWUROOHU
LQWHUIDFHVZLWKWKHZDUHKRXVHPDQDJHPHQWV\VWHPWRJHWWKHQH[W
PDWHULDO WUDQVIHU MRE FRQVLVWLQJ RI D SLFN ORFDWLRQ DQG D GURS
ORFDWLRQ$OOMREVDUHDVVXPHGWREHRIXQLWVL]HDQGHDFK$*9KDV
DFDSDFLW\RIRQHXQLW:LWKWKHVHDVVXPSWLRQVDVWUDLJKWIRUZDUG
SROLF\ LV WR DVVLJQ WKH QH[W MRE WR WKH $*9 QHDUHVW WR WKH SLFN
ORFDWLRQ  ILUVWFRPHILUVWVHUYHG VFKHGXOLQJ :KHQ DQ $*9
UHFHLYHVDQHZMRELWILQGVWKHVKRUWHVWSDWKWKURXJKWKHURDGPDS
XVLQJWKH)OR\G:DUVKDOODOJRULWKP1H[WLWPXVWVHQGLWVSODQQHG
SDWKWRWKHLQWHUVHFWLRQFRQWUROOHUIRUWKH]RQHLWFXUUHQWO\RFFXSLHV
7KHLQWHUVHFWLRQFRQWUROOHUVWRUHVWKHSODQDQGFXUUHQWSRVLWLRQRI
HYHU\ $*9 DSSURDFKLQJ WKH FRQIOLFW SRLQW RI WKH LQWHUVHFWLRQ
(YHU\WLPHLWUHFHLYHVDQHZSODQLWPXVWUHFDOFXODWHWKHDSSURDFK
VSHHG IRU HYHU\ DSSURDFKLQJ $*9 WR PLQLPL]H WRWDO WUDYHO WLPH
ZLWKRXWFROOLVLRQ7KLVZLOOKDSSHQHYHU\WLPHDQ$*9HQWHUVWKH
]RQHIURPVRPHZKHUHHOVHRUDQ$*9ZLWKLQWKH]RQHLVDVVLJQHG
DQHZMRE

)LJXUH,QWHUVHFWLRQOD\RXW
7KH)OR\G:DUVKDOODOJRULWKPKROGVVRPHDGYDQWDJHVLQH[HFXWLRQ
WLPH DQG VLPSOLFLW\ RYHU FRPPRQO\ XVHG 'LMNVWUD DQG $
DOJRULWKPVIRUILQGLQJWKHVKRUWHVWSDWKWKURXJKDGLUHFWHGDF\FOLF
JUDSKZLWKSRVLWLYHHGJHZHLJKWV7KHURDGPDSFDQEHH[SUHVVHG
DVVXFKDJUDSKZLWKWKHHGJHZHLJKWFRUUHVSRQGLQJWRWKHGLVWDQFH
7RH[SORLWWKHVWDWLFQDWXUHRIWKHURDGPDSLWLVGHVLUDEOHWRSUH
FDOFXODWH DV PXFK DV SRVVLEOH IRU IDVW UXQWLPH SHUIRUPDQFH
)OR\G:DUVKDOO SURFHHGV E\ H[KDXVWLYH VHDUFK RYHU DOO HGJHV LQܱሺܰଷሻRSHUDWLRQVXVLQJܱሺܰଷሻPHPRU\LQܰWKHQXPEHURIHGJHV
>@ )RU HDFK QRGH WKH QH[W QRGH LQ WKH VKRUWHVW SDWK WR HYHU\
GHVWLQDWLRQLVUHFRUGHG7KHUHVXOWLVܰଶVKRUWHVWSDWKWUHHVOLQNLQJ
HYHU\ RULJLQGHVWLQDWLRQ SDLU HDFK RI ZKLFK FDQ EH WUDYHUVHG LQܱሺܲሻ RSHUDWLRQV DW UXQWLPH ZKHUHܲ LV WKH OHQJWK RI WKH SDWK
7UDYHUVLQJDVWRUHGWUHHDWUXQWLPHZLOOEHIDVWHUWKDQJUDSKVHDUFK
HYHQXVLQJHIILFLHQWKHXULVWLFPHWKRGVVXFKDV$7KHPD[LPXP
QXPEHU RI QRGHV LQ WKH JUDSK ZLOO EH OLPLWHG E\ WKH PHPRU\
DYDLODEOH IRU SUHFRPSXWDWLRQ EXW PHPRU\ LV FKHDS DQG HYHQ D
EDVLFVHUYHUVKRXOGEHVXIILFLHQWIRUWKHODUJHVWVLWHVZLWKWKHPRVW
LQWULFDWHQHWZRUNV
7KH LQWHUVHFWLRQ FRQWUROOHU ZDV LPSOHPHQWHG EDVHG RQ >@ 7KH
VXUURXQGLQJ ODQHV DUH ILUVW GLVFUHWL]HG LQWR VHJPHQWV 7KH
LQWHUVHFWLRQVKRZQLQ)LJXUHLVGLYLGHGLQWRVL[VHJPHQWVHDFKRI
OHQJWKPHWHUV7KHFULWLFDOVHJPHQWVDUHWKHWZRWKDWFURVVLQWKH
FHQWHU7KHUHDUHWZRURXWHVGHILQHGRQHVWDUWLQJRQWKHOHIWDQG
WUDYHOLQJ WR WKH ULJKW DQG WKH RWKHU VWDUWLQJ DW WKH ERWWRP DQG
WUDYHOLQJXS2QH$*9WDNHVURXWHDQGWKHRWKHUWDNHVURXWH,I
WKH\ERWKWUDYHODWPD[LPXPVSHHGWKH\ZLOOFROOLGHLQWKHFHQWHU
7KHG\QDPLFPRGHOIRUHDFK$*9DVVXPHVWKH\DUHDEOHWRH[DFWO\
IROORZ WKH SDWK DQG DWWHPSW WR UHDFK WKH WDUJHW VSHHG IRU HDFK
VHJPHQWVXEMHFWWRDOLPLWHGUDWHRIDFFHOHUDWLRQRIܽȀଶ

)LJXUH0HVVDJHVH[FKDQJHGE\SDUWLFLSDQWVDSSURDFKLQJ
LQWHUVHFWLRQ
7KH$SSURDFK3ODQPHVVDJHVHQWE\WKH$*9FRQWDLQVDVHTXHQFH
RI VHJPHQWV ZKLFK LW LQWHQGV WR WUDYHUVH DORQJ ZLWK LWV FXUUHQW
GLVWDQFH DORQJ WKH ILUVW RQH 7KH IORZ RI PHVVDJHV LV VKRZQ LQ
)LJXUH7KH6SHHG/LVWVHQWE\WKHLQWHUVHFWLRQFRQWUROOHUFRQWDLQV
WKHRSWLPDOVSHHGIRUHYHU\VHJPHQWLQWKHSODQ7KHVSHHGVFDQEH
IRXQGZLWKWKHQRQOLQHDUSURJUDPLQ(TXDWLRQ
 ૖ ܬ் ൌ  ࢊ்ࣘ  
VXEMHFWWR ࢌሺࣘሻ ൑  ?ࣘ௠௜௡ ൑ ࣘ ൑ ࣘ௠௔௫

(DFKSDUDPHWHULVWKHLQYHUVHRIWKHYHORFLW\RIWKDWVHJPHQWIRU
RQH$*9
 ߶௜ǡ௠ ൌ  ?ݒ௜ǡ௠ 
2YHUDOOWKHNQRZQSODQVWKH\DUHDVVHPEOHGLQWRDYHFWRU
 ࣘ ൌ ሾ߶ଵǡଵǡ ǥ ǡ ߶ଵǡெభǡ ǥ ǡ ߶ேǡெಿሿ 
:KHUHܰLVWKHQXPEHURI$*9RQDSSURDFKDQGܯ௜LVWKHQXPEHURIVHJPHQWVLQWKHSODQRIWKHLWK$*9
7KH QRQOLQHDU FRQVWUDLQW ࢌሺࣘሻ HQIRUFHV WKH VHSDUDWLRQ EHWZHHQ
HDFKSDLUEDVHGRQWKHHQWU\DQGH[LWWLPHWRWKHFRQIOLFWVHJPHQW
ZKLFK GHSHQGV RQ WKH VSHHG DW HDFK SUHFHGLQJ VHJPHQW 2QO\
HOHPHQWVZLWK݆ ൐ ݅DUHLQFOXGHGDVWKHPDWUL[ܣLVV\PPHWULFDQG
WKHGLDJRQDOHOHPHQWVDUHQRWXVHIXO
 ݂ሺࣘሻ ൌ ൣܣଵǡଶǡ ǥ ǡ ܣ௜ǡ௝ ǡ ǥ ǡ ܣேିଵǡே൧׊݅ א ܰǡ ݆ ൐ ݅ 

7KHFRQVWUDLQWEHWZHHQHDFKSDLURI$*9VFDQEHH[SUHVVHGDVLQ
(TXDWLRQ
 ܣ௜ǡ௝ ൌ ൫Ⱦ୧ǡ୨ ൅ ߚ௜ǡ௝൯ଶ െ ൫ߙ௜ǡ௝ െ ߙ௝ǡ௜൯ଶ ߙ௜ǡ௝DQGߚ௜ǡ௝KDYHWKHXQLWVRIWLPHDQGDUHUHODWHGWRWKHDUULYDOWLPH߱௜ǡ௝௠௜௡ DQG GHSDUWXUH WLPH ߱௜ǡ௝௠௔௫ DW WKH FRQIOLFWHG VHJPHQW E\
(TXDWLRQVDQG
 ߙ௜ǡ௝ ൌ ߱௜ǡ௝௠௔௫ ൅ ߱௜ǡ௝௠௜௡ 
 ߚ௜ǡ௝ ൌ ߱௜ǡ௝௠௔௫ െ ߱௜ǡ௝௠௜௡ 
6LPLODUO\
 ߙ௝ǡ௜ ൌ ௝߱ǡ௜௠௔௫ ൅ ௝߱ǡ௜௠௜௡ 
 ߚ௝ǡ௜ ൌ ௝߱ǡ௜௠௔௫ െ ௝߱ǡ௜௠௜௡ 
7KHVLPSOLILFDWLRQRIFRQVWDQWVSHHGRYHUHDFKVHJPHQWPHDQVWKDW
WKHDUULYDODQGGHSDUWXUHWLPHDUHUHODWHGWRࣘDQGWKHOHQJWKRIHDFK
VHJPHQW݀௜ǡ௝E\(TXDWLRQVDQG
 ߱௜ǡ௝௠௜௡ ൌ   ? ݀௜ǡ௝߶௜ǡ௝௣೔௜ୀଵ  
 ߱௜ǡ௝௠௔௫ ൌ  ߱௜ǡ௝௠௜௡ ൅  ? ݀௜ǡ௝߶௜ǡ௝௤೔௜ୀଵ  
ZKHUHWKHWRWDOQXPEHURIVHJPHQWVWUDYHUVHGE\HDFKYHKLFOHܯ௜KDV EHHQ VSOLW LQWR݌௜VHJPHQWV DSSURDFKLQJ WKH FRQIOLFW DQGݍ௜FRQIOLFWHGVHJPHQWVVXFKWKDWܯ௜ ൌ ݌௜ ൅ ݍ௜
35(/,0,1$5<5(68/76
8VLQJWKHVLPSOHURDGPDSVKRZQLQ)LJXUHZLWKRQO\WZRURXWHV
VRPHIDLOXUHFDVHVFDQEHH[DPLQHG2QHVHWRIIDLOXUHVLVSRVVLEOH
GXHWRWKHVWDUWSRVLWLRQVRIWKH$*9$VDOORIWKHVSHHGVPXVWEH
UHFRPSXWHG HYHU\ WLPHDQHZ$*9DUULYHVRUJHWVDQHZ MRED
YDOLGSODQPD\EHUHTXHVWHGIRUDQ\VWDUWLQJORFDWLRQDORQJWKHWZR
]RQHV 7KH RQO\ FRQVWUDLQW FRQVLGHUHG LQ WKH RSWLPL]DWLRQ LV WKH
PLQLPXPDQGPD[LPXPVSHHGRIHDFKVHJPHQW
7KHPHVVDJLQJSURWRFRODQGG\QDPLFHTXDWLRQZHUHLPSOHPHQWHG
LQ3\WKRQDQG(TXDWLRQVROYHGXVLQJµWUXVWFRQVWU¶PHWKRG >@
ZLWKLQVFLS\RSWLPL]H>@7KLVPHWKRGFDQEHQHILWIURPDQDO\WLFDO
FRQVWUDLQWVLIWKH\DUHDYDLODEOH:LWKWKHURDGPDSFRQWDLQLQJVL[
VHJPHQWV RQO\ RQO\ IRXU QHHG WR EH LQFOXGHG LQ ࣘ EHFDXVH WKH
VSHHGRQVHJPHQWVDIWHUWKHLQWHUVHFWLRQFDQEHFKRVHQIUHHO\)RU
WZR$*9VWUDYHUVLQJWZRVHJPHQWVHDFKEHIRUHOHDYLQJWKHFRQIOLFW
]RQHWKHRSWLPL]DWLRQYHFWRULVࣘ א  Թସ)URP(TXDWLRQWKHUHLV
RQO\RQHFRQVWUDLQWDQGࢌሺࣘሻKDVRQO\RQHHOHPHQWDVWKHUHLVRQO\
RQHXQLTXHSDLU
7RSURYLGHDEDVLFWHVWFDVHERWKYHKLFOHVEHJLQDWWKHVWDUWRIWKHLU
DSSURDFKODQHIURPWKHFRQIOLFW7KH FRQIOLFWHGVHJPHQW LQ
ERWK SDWKV LV   LQ OHQJWK 7KH PD[LPXP VSHHG LV  Ȁ 
FRUUHVSRQGLQJ WR ߶௠௜௡ ൌ  ?Ǥ ? &RQYHUJHQFH LV DWWDLQHG LQ IXQFWLRQ HYDOXDWLRQV 7KH WRWDO WUDYHO WLPH REMHFWLYH DW WKH
PLQLPXPLVVHFRQGV7KHUHVXOWࣘ ൌ  ሾ ?Ǥ ?ǡ  ?Ǥ ?ǡ  ?Ǥ ?ǡ  ?Ǥ ?ሿLQGLFDWHV
RQHYHKLFOHVORZVGRZQWRȀIRUWKHILUVWVHJPHQWWRDOORZWKH
RWKHUWRSDVVEHIRUHLWFRQWLQXHVDWIXOOVSHHG
7KHQH[WWHVWKDVERWKYHKLFOHVDWWKHVWDUWRIWKHFRQIOLFWVHJPHQW
7KHUHLVQRVROXWLRQWKDWFDQSUHYHQWERWKYHKLFOHVRFFXS\LQJWKH
$*9
$*9
,QWHUVHFWLRQ&RQWUROOHU
$SSURDFK3ODQ
V
Y
G> «GP@
6SHHG/LVW
Y>«YP@
FRQIOLFW DV WKH\ERWKVWDUW WKHUHEXW WKHEHKDYLRURI WKH VROYHU LV
LQIRUPDWLYH $IWHU  IXQFWLRQ HYDOXDWLRQV WKH WHUPLQDWLRQ
FRQGLWLRQDSSHDUHGWREHVDWLVILHGEXWLQIDFWWKHORZHUERXQGRQࣘ
ZDV QRW UHVSHFWHG E\ WKH UHVXOW 7KH VSHHGV IRU RQH YHKLFOH DUH
LPSRVVLEO\ KLJK 7KLV VXJJHVWV WKDW WKH DSSHDUDQFH RI PXOWLSOH
YHKLFOHV LQVLGH WKH FRQIOLFW ]RQH VKRXOG EH UXOHG RXW E\ WKH
LQWHUVHFWLRQFRQWUROOHUVRIWZDUHEHIRUHDWWHPSWLQJWRVROYHIRUWKH
RSWLPDOVSHHGV
$QRWKHU WHVW FDVHKDV RQHYHKLFOHSRVLWLRQHG LPPHGLDWHO\EHIRUH
WKHFRQIOLFW]RQH7KHVHFRQGLVDOUHDG\FURVVLQJ7KLVFRXOGRFFXU
LIWKHILUVWYHKLFOHKDGVWRSSHGWRFRPSOHWHDMREDWWKLVSRVLWLRQ
DQGWULJJHUHGWKHUHSODQE\UHTXHVWLQJDVHWRIVSHHGVIRUWKHURXWH
WRLWVQH[WMRE)URPWKLVSRVLWLRQWUDYHOLQJDWWKHPLQLPXPVSHHG
LWZRXOGHQWHUWKHFRQIOLFW]RQHEHIRUHWKHGHSDUWXUHRIWKHFURVVLQJ
YHKLFOHDVDUHVXOWWKHUHLVQRIHDVLEOHVROXWLRQWR(TXDWLRQ7KLV
FRXOGFDXVH FRQYHUJHQFH WR IDLOPXFK OLNH WKHSUHYLRXVFDVHEXW
FRXOGRFFXULQQRUPDORSHUDWLRQ
7KHILQDOWHVWFDVHKDVHDFKYHKLFOHSDUWZD\DORQJWKHDSSURDFK
ODQHVWDWLRQDU\$VWKHDFFHOHUDWLRQOLPLWLVQRWWDNHQLQWRDFFRXQW
LQWKHRSWLPL]DWLRQWKHWDUJHWVSHHGVSURYLGHGE\WKHLQWHUVHFWLRQ
FRQWUROOHUPD\QRWEHDWWDLQHGEHIRUHDUULYDODWWKHFRQIOLFW]RQH$V
ERWKKDYHWKHVDPHDFFHOHUDWLRQUDWHWKH\ZLOODUULYHDWWKHVDPH
WLPHDQGFROOLGH
 )857+(5:25.
7KHWHVWVFRQGXFWHGGHPRQVWUDWHWKDWLISODWRRQLQJDORQHLVXVHGWR
FRRUGLQDWH WKH PRWLRQ RI D QXPEHU RI $*9V ZRUNDURXQGV DUH
UHTXLUHGIRUFHUWDLQVLWXDWLRQVZKHUHRQH$*9QHHGVWRFRPHWRD
FRPSOHWHVWRSRUFKDQJHURXWH7KHQH[WVWHSLVWRLPSOHPHQWVRPH
RIWKHVHZRUNDURXQGVDQGGHVFULEHWKHW\SHVRIURDGPDSZKHUHWKH\
QHHGWREHXVHGRIWHQ
7KHFRQVWUDLQWVGHVFULEHGKHUHFDQEHH[SUHVVHGLQTXDGUDWLFIRUP
DOORZLQJWKHDQDO\WLFDO+HVVLDQWREHSURYLGHGWRWKHVROYHU'RLQJ
WKLV PD\ LPSURYH FRQYHUJHQFH ZLWK WKH µWUXVWFRQVWU¶ VROYHU
$QRWKHU LPSURYHPHQW WR WKH GHVFULEHG LQWHUVHFWLRQ FRQWUROOHU
ZRXOGEHWKHDGGLWLRQRIFRQVWUDLQWVEHWZHHQWKHVSHHGVLQDGMDFHQW
VHJPHQWV WR UHIOHFW WKH OLPLWHG DFFHOHUDWLRQ RI WKH $*9 *RLQJ
IXUWKHULQ WKLVGLUHFWLRQ WKHHIIHFWRQFRQYHUJHQFHRIVROYLQJIRU
WKHRSWLPDODFFHOHUDWLRQLQHDFKVHJPHQWPLJKWEHLQYHVWLJDWHG
$FRPSDULVRQLQWHUPVRIERWKH[LVWHQFHDQGTXDOLW\RIVROXWLRQV
ZLWKDFRQVHQVXVDOJRULWKPZRXOGUHYHDOZKHWKHUWKHOLPLWDWLRQVRI
SODWRRQLQJ LGHQWLILHG DUH IXQGDPHQWDO RU GXH WR WKH KDUVK
GLVFUHWL]DWLRQUHTXLUHGIRURSWLPDOLW\
$VLPXODWLRQRIPXOWLSOH LQWHUVHFWLRQVZLWKLQDZKROHVLWHZRXOG
UHYHDOZKHWKHUPD[LPXPWKURXJKSXWDWHDFKLQWHUVHFWLRQOHDGVWR
UHGXFHGWULSWLPHVDFURVVPXOWLSOHLQWHUVHFWLRQVRUZKHWKHUWKLVUXOH
VKRXOGEHPRGLILHGWRDFFRXQWIRUGRZQVWUHDPWUDIILF

 $&.12:/('*0(176
7KLVUHVHDUFKZDVPDGHSRVVLEOHWKDQNVWRWKHILQDQFLDOVXSSRUWRI
D IXOOWLPH (365& 'RFWRUDO 7UDLQLQJ 3DUWQHUVKLS 6WXGHQWVKLS 
,QVWLWXWH IRU 7UDQVSRUW 6WXGLHV DQG DOVR WKDQNV WR WKH ILQDQFLDO
VXSSRUWRI&$6(SDUWQHU*XLGDQFH$XWRPDWLRQ/LPLWHG
 5()(5(1&(6
>@ 2SWLPL]DWLRQDQG5RRW)LQGLQJVFLS\RSWLPL]H
PLQLPL]HPHWKRG ¶WUXVWFRQVWU¶KWWSVGRFVVFLS\RUJGRF
VFLS\UHIHUHQFHRSWLPL]HPLQLPL]H
WUXVWFRQVWUKWPORSWLPL]HPLQLPL]HWUXVWFRQVWU
>@ /XERPtU%DNXOH'HFHQWUDOL]HGFRQWURO$QRYHUYLHZ
$QQXDO5HYLHZVLQ&RQWURO±
KWWSVGRLRUJMDUFRQWURO
>@ $QGUHZ5&RQQ1LFKRODV,0*RXOGDQG3K/7RLQW
7UXVWUHJLRQPHWKRGV9RO6LDP
>@ 9DOHULR'LJDQL0$QL+VLHK/RUHQ]R6DEDWWLQLDQG
&ULVWLDQ6HFFKL&RRUGLQDWLRQRIPXOWLSOH$*9VD
TXDGUDWLFRSWLPL]DWLRQPHWKRG$XWRQRPRXV5RERWV
±KWWSVGRLRUJV

>@ 9DOHULR'LJDQL/RUHQ]R6DEDWWLQL&ULVWLDQ6HFFKLDQG
&HVDUH)DQWX]]L+LHUDUFKLFDOWUDIILFFRQWUROIRU
SDUWLDOO\GHFHQWUDOL]HGFRRUGLQDWLRQRIPXOWL$*9V\VWHPVLQ
LQGXVWULDOHQYLURQPHQWV3URFHHGLQJV,(((,QWHUQDWLRQDO
&RQIHUHQFHRQ5RERWLFVDQG$XWRPDWLRQ±
KWWSVGRLRUJ,&5$
>@ 0LFKDHO$OH[DQGHU'MRMRDQG.DQLVLXV.DU\RQR
&RPSXWDWLRQDOORDGDQDO\VLVRI'LMNVWUD$DQG)OR\G
:DUVKDOODOJRULWKPVLQPHVKQHWZRUN3URFHHGLQJVRI
,QWHUQDWLRQDO&RQIHUHQFHRQ5RERWLFV%LRPLPHWLFV
,QWHOOLJHQW&RPSXWDWLRQDO6\VWHPV52%,21(7,&6
±
KWWSVGRLRUJ52%,21(7,&6
>@ 0DULDJUD]LD'RWROL$OH[DQGHU)D\0DUHN0LĞNRZLF]DQG
&DUOD6HDW]X$QRYHUYLHZRIFXUUHQWWHFKQRORJLHVDQG
HPHUJLQJWUHQGVLQIDFWRU\DXWRPDWLRQ,QWHUQDWLRQDO-RXUQDO
RI3URGXFWLRQ5HVHDUFK
KWWSVGRLRUJ
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